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Ozet

Bu calismada dnce okuyucuyu bilgilendirmek ve
ilgisini uyandirmak gayesiyle glinlik hayatta
etkilesim icinde oldugumuz belli basli icten
yanmali motorlarin (benzinli motor, diesel
motoru, ucak motoru v.b.) calisma prensipleri
kisaca dzetlenmistir. lkinci asamada motorlarin
verimliligini arttirmak icin uygulanan seramik
kaplamalarin nitelikleri, 1si dagilimi ve perfor-
mans ozelliklerinden ozetle bahsedilmistir.
Uclinci asamada seramik kaplama yontemleri
tanitilmistir. Son olarak sanayi ve fakiiltemiz de
gerceklestirilen kaplama islemi ve mikroyap!
karakterizasyonu ele alinmis ve kaplamalarin
uygulanmasinda dikkat edilecek kriterler ve
saglanacak avantajlar da o6zetlenmistir.

1. Giris

icten yanmali motorlar, icinde bulunan yanma
odasinda olusan yanma (patlama) olayi ile
calisan 1si motorlaridir. Silindire giren yakitin
yanmasi, silindir icindeki sicakligi ve gaz
basincini yiikselterek gazlarin genislemesini
saglar. Gazlarin genislemesi, pistonlarin, tirbin
bicaklarinin (palelerin) ya da motorun hareketi
icin kullanilir. Yanma odasinda bir oksitleyici
gaz ile birlesebilen herhangi bir yakitla
calisabilirler. Ornek olarak; benzin, LPG, diesel,
hidrojen vb. icten yanmali motorlarin en énemli
kullanim alani mobil sistemlerdir; cinku ylksek
glic/agirlik orani ayni zamanda yakit verimliligi
saglamaktadir. Arabalarda, motorsikletlerde,
ucaklarda ve lokomotiflerde kullanilan motorlar
icten yanmali
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Abstract

In this study, the operating principles of main
internal combustion engines we interact with
in daily life (gasoline engine, diesel engine, air-
craft engine, etc.) were briefly summarized to
inform and awaken the attention of the reader.
In the second phase, characteristics, heat dis-
tribution and performance qualities of ceramic
coatings applied to increase the efficiency of
engines are briefly discussed. In the third
phase, ceramic coating methods are intro-
duced. Lastly, the coating process used in the
industry and our faculty and micro structure
characterization are addressed an criteria to
be considered in application of coatings and
advantages to be derived are summarized.

1. Preamble

Internal combustion engines are heat engines
which run based on the combustion (blast)
phenomenon occurring in the combustion
chamber inside them. The combustion of the
fuel entering the cylinder allows the expansion
of gases by raising the temperature and gas
pressure inside the cylinder. Expansion of
gases is used to move pistons, turbine blades
or engines. They may run on any fuel which
may combine with a reducing gas in the com-
bustion chamber. For example, gasoline, LPG,
diesel, hydrogen, etc. The most important field
of application of internal combustion engines
Is mobile systems because the high
power/mass ratio also results in fuel efficien-
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motorlardir. Jet ucaklarr,
helikopterler ve biyik gemiler
gibi cok ylksek gug isteyen
araclarda da gaz tirbini
olarak kullanilmaktadir.

Motor parcalari, motorun
cesidine gore degismektedir.
Dort zamanli motorlarda,
onemli parcalar krank mili
(mor), bir veya daha fazla kam
mili ve stipaplardir (kirmizi ve
mavi). iki zamanli motorlarda
sUpap sistemi yerine sadece
egzost cikisi, yakit girisi vardir.
Heriki tip motorda da, bir ya
da iki silindir (gri ve yesil] ve
her silindir icin bir buji (koyu
gri), bir piston (sari) ve bir
krank mili bulunur (Sekil 1).

2. icten Yanmali Motorlarin
Siniflandirilmasi

2.1. Benzinli Motor

Bu motorlar, dort zamanli ve
iki zamanli olmak uzere ikiye
ayrilir. Dort zamanli motor-
larda, silindir disinda
hazirlanan benzin-hava
karisimi, silindirde 8/1 ve 12/1
araliginda sikistirilir (en zen-
gin ve en seyreltik karisim) (1.
zaman). Sikistirma sonunda
sicaklik ve basinci artan

cy. Engines used in cars,
motorcycles, aircraft and
locomotives are internal com-
bustion engines. They are
used as gas turbines in vehi-
cles which require very high
power like get planes, heli-
copters and large vessels, too.
Engine components
vary by the type of the engine.
In four-stroke engines, impor-
tant components are the
crankshaft (purple), camshaft
(red and blue) and valves.
Two-stroke engines have
exhaust outlet, fuel inlet and
valve systems. There is one or
two cylinders (gray and
green), a spark plug for each
cylinder (dark gray), a piston
[yellow] and a crankshaft are
found in both types of engines
(Picture 1).
2. Classification of Internal
Combustion Engines

Sekil 1: icten Yanmali Motorun Kesiti'

Figure 1. Cross-Section of Internal
Combustion Engine

karisim, buji tirnaklarinda
olusturulan bir kivilcim
sayesinde tutusturulur. Yanma
ile artan basin¢ kuvveti, pis-
tonu iterek is meydana getirir
(2. zaman). Acilan atim
stpabindan (3. zaman), egzoz
gazlarinin disariya atilip, emme
sUpabindan silindire taze
karisimin dolmasiyla (4.
zaman.], ayni gevirim tekrar-
lanir. Iki zamanli benzin
motorunda, silindirlerin doldu-
rulmasi ve dolgunun
sikistirilmasi bir seferde,
genisleme ve egzost atimi ise
ikinci bir seferde
olusmaktadir® (Benzin
motorunun dort zamanli

1. Gasoline Engine

These engines are catego-
rized into two classes as four-
stroke and two-stroke. In
four-stroke engines, the
gasoline-air mixture prepared
outside the cylinder is com-
pressed in 8/1 and 12/1 range
in the cylinder (richest and
most dilute mixture) (Stroke
1). The mixture, the tempera-
ture and pressure of which
increases due to compres-
sion, Is ignited because of a
spark created in spark plug
lugs. The compression force
increasing due to combustion
creates work pushing the pis-
ton (Stroke 2. From the
opened exhaust valve (third
stroke), exhaust gases are
discharged and a fresh mix-
ture is filled into the cylinder
through the suction valve
(Stroke 4) and the cycle is

¢alismasi hakkinda demo bilgi
icin http://auto.howstuff-
works.com/engine.htm.
adresine bakiniz).

2.2. Diesel Motoru

Diesel Motorlari 1892 yilinda
Rudolf Diesel tarafindan icat
edilmis ve patenti alinmistir.
Bu motorlarda, silindire alinan
hava, piston tarafindan 15/1 ila
24/1 oraninda sikistirilarak
sicaklik ve basing arttirilir.
Sicaklik ve basinci artan hava
icerisine diesel yakit
puskirtilerek, yakitin benzinli
motordan farkli olarak kendi
kendine tutusup yanmasi
saglanir. Havanin silindire
alinip egzozun disari atilmasi,
dort zamanli benzin
motorlarina benzer. Hava-yakit
karisiminin kalitesi
ayarlanarak hizlandirilan veya
ylklenen diesel motorlari,
benzin motorlarina gore daha
ylksek bir verime sahiptirler.
Diesel yakiti benzine gore daha
koyu bir petrol Grdnudur,
ayrica diesel motorlari daha
ylksek sicakliklik ve basing
degerlerinde calistiklarindan,
benzin motorlarina gore
genelde daha agirdirlar®™.

repeated. In the two-stroke
gasoline engine, filling of the
cylinders and compression of
the fill occurs in one process
and expansion and exhaust
discharge occur next time™’
(For demo info on four-stroke
operation of gasoline motar,
see http://auto.howstuff-
works.com/engine.htm.]

2. Diesel Engine

Diesel engines were invented
and patented by Rudolf Diesel
in 1892. In these engines, the
air taken into the cylinder is
compressed at the ratio of
15/1 and 24/1 by the piston,
increasing the temperature
and pressure. Diesel fuel is
sprayed into the air, tempera-
ture and pressure are
increased, allowing the fuel to
self-ignite in contrast to the
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(Diesel motorlari hakkinda
detayli bilgi ve demo program-
lara (http://auto.howstuff-
works.com/diesel.htm,
http://en.wikipedia.org/wiki/Di
esel_engine#Types_of_diesel
_engines http://www.sher-
manlab.com/xmwang/myGUI/
DieselG.html) linklerinden
ulasilabilir.

2.3. Doner Pistonlu Motorlar
(Wankel Motorlari)

Doner pistonlu motor, oval,
ortasi kalin sekiz seklinde bir
govde ile bu govde icerisinde
eksantrik olarak donen ¢
koseli Uggensel bir rotordan
ibarettir. Rotor bir ic ve bir dis
disli yardimiyla, motor ana
miline baglidir. Bu motorlar-
da emme, sikistirma, is ve
egzoz atimi dort zaman iginde
rotorun etrafinda ¢evrimsel
sekilde olusmaktadir.
Motorun rotoru ve oval yanma
odasi ayni eksende
yeraldigindan, Wankel
motorlari, diger motorlara
gore % 48 oraninda daha az
parca bulundurur ve diger

gasoline engine. Intake of air
into the cylinder and dis-
charge of exhaust is similar to
four-stroke gasoline engines.
Diesel engines accelerated or
loaded by changing the quality
of air/fuel mixture have a
higher efficiency than gasoline
engines. Diesel fuel is a heav-
ler petroleum product com-
pared to gasoline.
Furthermore, since diesel
engines run at higher temper-
atures and pressures, they
are usually heavier overall
than gasoline engines™ (For
detailed info and demo pro-
grams on diesel engines, see
(http://auto.howstuffworks.co
m/diesel.htm,
http://en.wikipedia.org/wiki/Di
esel_engine#Types_of_diesel
_engines http://www.sher-
manlab.com/xmwang/myGUI/
DieselG.html).

Sekil 2: a. 2.7 lt. Direk Plskurtmeli
Diesel Motoru (CRD)

Figure 2: a. 2.7 lt. Direct Injection
Diesel Engine (CRD)

motorlara gore daha az
hacime ve agirliga sahiptirler.
Bu motorlar Alman bilim
adami Felix Wankel tarafindan
1956 yilinda gelistirilmis olup
tdrdnin en basarili 6rnegidir.
Avantajlari, daha cevreci
olusu, yuksek suratlere
ulasabilmesi, dezavantaji ise
disik hizlarda torkunun az
olmasi ve buna bagli olarak
fazla yakit tiiketmesi seklinde
siralanabilir.

(Demo icin bkz
http://www.keveney.com/Wan
kel.html’)

3. Wankel Engines

(Demo icin bkz
http://www.keveney.com/Wan
kel.html 5)

The Wankel engine is com-
posed of an oval body, the
middle part of which is in the
form of a broad eight figure
and a triangular rotor rotating
eccentrically within this body.
The rotor is connected to the
main shaft of the engine with
the aid of an internal and an
external gear. In these
engines, suction compression
work and exhaust discharge
occurs in cycles around the
rotor in four strokes. Since
the rotor and the oval com-
bustion chamber of the
engine lie on the same axis,
Wankel engines have 18 %
less parts compared to other
engines and have a smaller

S prrmsarna
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b. Diinyanin en biyik Diesel Motoru
olarak kabul edilen ve tankerlerde
kullanilan RTA96 C nin Kesiti*

b. Cross-section of RTA96 C regarded
as the largest diesel engine in the
world which is used in tankers

Wankel motorunun calismasi
okla gdsterilen dort bélge icin
ozetlenebilir (Sekil 3):

a. Rotasyon sirasinda
yakit/hava karisiminin giris
agzina aktarilmasi,

b. Karisimin sikistirilmasi,

c. Karisimin bir buji vasitasiyla
yakilmasi ve donme igin
gereken itme

kuvvetinin saglanmasi,

d. Egzost gazinin atilmasi.

2.4. Gaz Tiirbinleri

Bu motorlarda kompresor
tarafindan sikistirilan hava

volume and weight compared
to others. This engine was
developed by German scien-
tist Felix Wankel in 1956 and
Is the most successful speci-
men of its type. Its pluses are
its being more environment-
friendly, its capability to
achieve high speeds and its
minuses are that its torque is
small at low speeds and
therefore, it consumes more
fuel.

(For demo see
http://www.keveney.com/Wan
kel.html’)

The running of the Wankel
engine may be summarized
for four areas shown by
arrows (Figure 3J:

a. Transfer of fuel/air mixture
to inlet opening during rota-
tion,

b. Compression of the mix-
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icerisinde puskirtilen yakit
(benzin, gaz yag, diesel yakit
veya fuel-oil], baslangicta bir
defaya mahsus olmak lzere
ateslenir sonra devamli bir
yanma elde edilir. Tahrikle
donen rotor, 6n taraftan havayi
ice donuk paleler (bicaklar)
sayesinde emer ve sikistirir,
sikisan hava, daralan yanma
odasinda yakitla karisarak
daha cok sikisir ve sicaklig
hizla artarak patlar ve
motorun arka kismindan tepki
ile ¢cikar; c¢ikis sirasinda
rotorun arka palelerine
carparak onun donmesini ve
tekrar on taraftan havanin
emilip sikistirilmasini saglar.
Rotor birbiri icine ge¢mis her-
biri bagimsiz donen saftlardan
olusmustur® (Sekil 4). (Demo
bilgi igin: http://science.how-
stuffworks.com/turbine3.htm])

3. icten Yanmali Motorlarin
Seramik Kaplanmasi ve
Performans Arttirilmasi

Bir icten yanmali motorun
performansini arttirmak,
retilen is ve IsI enerjisinin
biylk bir ylizdesinin faydali
enerji olarak kullanilmasini
saglamaktir. icten yanmali
motorlarda is ureten enerji
toplam enerjinin, %30-40'1
civarinda olup, geri kalan
enerjinin %60-70'i ise motor
parcalarini yiksek sicakliktan
koruma amaciyla yapilmis
olan sogutma sistemi ve 500-
600 °C sicakliktaki egzost
gazlari tarafindan atmosfere
atilmaktadir’.

Motorlarda ve gaz
tirbinlerinde 1si kayiplarini
azaltmak amaciyla yanma
odasi seramik bir tabaka ile
kaplanabilir. Bu sekilde,
dusuk 1si iletim ozelligine
sahip seramik malzemelerin
fiziksel, termal ve kimyasal
ozellikleri ginimdizin
teknolojik imkanlariyla istenen
sartlara yaklastirilarak genis
bir alanda kullanim imkani
hedeflenir’.

Dustk 1s1 kayipli motorlar veya
diger bir ifadeyle dis ortamdan
yalitilmis Adyabatik Motorlarin
gerceklestirilmesi Termal

Bariyer Kaplama (TBC] ile

saglanir. Kaplama teknolojisi,
1975 li yillardan itibaren diesel

Sekil 3: Wankel Motoru ve Calisma Prensibi °
Figure 3: Wankel Engine and Its Operation Principles’

ture,

c. Combustion of the mixture with the
aid of a spark plug and procuring the
necessary thrust force for rotation.

d. Discharge of exhaust gas.

4. Gas Turbines

In these engines, the fuel (gasoline,
gas oil, diesel fuel or fuel-oil] injected
inside the air compressed by a com-
pressor is ignited for one time at the
beginning and subsequently, a con-
tinuous combustion is derived. The
driven rotor sucks and compresses
the air from the front, using inward
looking blades and compressed air is
further compressed in the narrowing
down combustion chamber mixing
with fuel and blasts with increasing
temperature and is discharged from
the rear of the engine due to reac-
tion. During exit, it hits the rear
blades of the rotor, causing it to
rotate and causing the air to be
sucked in and compressed from the
front once again. The rotor is com-
posed of concentric shafts, each
rotating independently (Figure 4). (For
demo info: http://science.howstuff-
works.com/turbine3.htm)
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Sekil 4: Turbofan Ucak Motoru’
Figure 4: Turbofan Aircraft Engine®

3. Coating of Internal Combustion
Engines with Ceramic and
Enchancement of Performance

Increasing of the performance of an
internal combustion engine is allow-
Ing a major percentage of the gener-
ated work and heat energy to be used
as beneficial energy. In internal com-
bustion engines, work generating
energy is about 30-40 % of the total
energy with 60-70 % of the remaining
energy being released to the atmos-
phere by the cooling system built to
protect engine parts against high
temperature and the exhaust gases
at a temperature of 500-600 °C’.

In engines and gas turbines, the
combustion chamber is lined with a
ceramic layer to reduce heat losses.
Hence, it is targeted that the physical,
thermal and chemical properties of
ceramic materials which have low
heat transfer property are brought
close to desired requirements with
the aid of technological capabilities of
our day, allowing them to be used in
a broad field of application’.

Attainment of low heat loss engines
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motorlarinin yanma odasi
elemanlarinda metal ylizey
Uzerine seramik kaplama
uygulanmasiyla gelismistir.

Isi kaybini azaltarak motorda
verimi arttirmak amaciyla;
yanma odasinin, silindir
kapaginin ve subaplarin ter-
mal bariyer kaplanmasi ayni
zamanda sogutma sistemini
ortadan kaldirmayi amagla-
maktadir. Sogutma sistemi
elemanlarinin (vantilator, su
kanallari, pompa, radyator vb.)
kademeli olarak azalmasi
sayesinde agirlik, parca
maliyeti ve ekonomisi yanisira
% 40 oraninda da yakit tasar-
rufu saglanacagi distnilmek-
tedir’. Ayrica motor veriminin
% 6-12 arasinda arttigi
hesaplanmaktadir. Buna bagli
olarak ABD de yillik ucak
yakiti tasarrufu $250000'a
yaklasmaktadir.

Bir Termal Bariyer Sistemi,
kaplanacak malzeme, seramik
kaplama ve aralarinda bulu-
nan baglayici tabakadan
olusmaktadir. Bu amagla en
cok kullanilan malzeme % 6-8
yttria ile stabilize edilmis
zirkonya seramigidir.
Baglayici tabakada kullanilan
alasimin formdlu genellikle
MCrAlX ‘dir. Formiilde yer-
alan M icin Ni, Co ya da Fe; X
icindeY, Zr, Hf ya da Yb ele-
mentleri kullanilabilir. Sekil 7
a giinimuzde motor yanma
odalarinda uygulanan seramik
kaplamalarin kesit semasini

gostermektedir®™".

Kaplama kalinliklari birkag
mikron mertebesinden
ylzlerce mikrona (600-700
mm) kadar ulasabilir.
Kaplama kalinligini ve lretim
seklini, kaplanacak
malzemenin kendi 6zellikleri
ve kullanim kosullari belirler.
Bir tirbin bicagi tzerine
kaplanan seramik malzeme ve
metal Uzerindeki 1si dagilimi
sematik olarak Sekil 7 b de
verilmektedir'”.

Termal bariyer kaplamalarin
en onemli fiziksel 6zelligi
termal iletkenligidir. Yapilan
arastirmalarla termal iletken-
lik distrilmeye calisilmak-
tadir; cinkU termal iletkenlik
arttik¢a termal yalitim 6zellik-

Sekil 7 a: Termal Bariyer
Kaplama Sistemi

Figure 7 a Thermal
Barrier Coating System
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b. Heat Distribution on
Coatmg, Binder and
Metal"

or in other words, Adiabatic
Engines insulated from exter-
nal environment is achieved by
thermal coating (TBC). The
coating technology was devel-
oped by ceramic coating appli-
cation on metal surfaces in the
combustion chamber ele-
ments of diesel engines, start-
ing from 1975s. Coating of the
combustion chamber, cylinder
cap and valves by thermal bar-
rier to enhance efficiency in
the engine reducing heat loss,
also seeks to eliminate the
cooling system. It is believed
that by stepped elimination of
cooling system elements (fan,
water tubes, pump, radiator,
etc.) will lead to about 40 %
fuel saving in addition to econ-
omy of weight and part costs.
It is also calculated that
engine efficiency will increase
by 6-12 %. Related annual air-
craft fuel saving in USA is
approaching $250,000.

A Thermal Barrier System is
composed of the material to
be coated, ceramic coating
and the bonding layer between
them. The material mostly
used for this purpose is zirco-
nia ceramic stabilized with 6-8

yttria. The formula of the alloy
used in the bonding layer is
generally MCrAlX. For the M in
the formula; Ni, Co or Fe and
for X, the elements Y, Zr, Hf or
Yb may be used. Figure 7 a
gives the cross-section of
ceramic coatings applied in
engine combustion chambers
today*"".

Coating thicknesses may vary
from the order of just a few
microns up to hundreds of
microns (600-700 mm). The
thickness and method of pro-
duction of the coating depends
on the properties of the mate-
rial to be coated itself and
usage conditions. The heat
distribution on ceramic mate-
rial coated over a turbine
blade and the metal is given in
Figure 7 b"..

The most important physical
characteristic of thermal bar-
rier coatings is thermal con-
ductivity. Efforts are made to
reduce thermal conductivity by
conducted research because
as thermal conductivity
increases, thermal insulation
properties drop and the oxi-
dization rate of the binding
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leri dismekte ve baglayici
tabakanin oksitlenme orani
artmaktadir. Diger onemli
ozellikler ise, seramik kapla-
ma, baglama tabakasi ve
kaplanacak malzemenin
genlesme katsayilaridir.
Genlesme katsayilarinin
birbirine yakin olmasi ylksek
sicaklik ¢calisma ortaminda
olusabilecek hatalari engelle-
mek icin onemlidir. Aksi
takdirde araylzeylerde
sicaklik artis ve azalislarinda
biriken gerilmelerden dolayi
catlamalar, bozulmalar
gozlenebilir. Bu ozelliklere
ilave olarak kaplama
malzemesi taneli ve bosluklu
bir yapiya sahip olmalidir;
¢lnkd yeterli bosluk ve tane
malzemenin termal
iletkenligini dusurir. Son
olarak kaplamanin yuksek
sicaklikta ¢alisan tirbin bicak-
larina ¢cok iyi yapismasi
gerekir. Olusacak bir hata
metal bicagin aniden yliksek
sicakliga cikmasina dolayisiyla
bicakta korozyon olusmasina
ya da erimeye sebep olabilir.

layer increases. Other impor-
tant characteristics are the
expansion coefficients of the
ceramic coating, the binding
layer and the material to be
coated. It is important for pre-
venting any errors which may
occur in high temperature
operational environment that
expansion coefficients are close
to each other. Otherwise,
cracks may occur in middle
surfaces due to stresses accu-
mulating in temperature
increases and decreases. In
addition to these properties, the
coating material must have a
grained structure with voids
because sufficient voids and
grains drop the thermal con-
ductivity of the material. Lastly,
the coating must adhere thor-
oughly to the turbine blades
operating at high temperature.
Any error may lead to the met-
als reaching a high tempera-
ture suddenly, leading to corro-
sion or melting on the blade.

4.Coating Methods

4

4.Kaplama Metodlari

Ucak tiurbin palelerinin homo-
jen olarak kaplanmasi PVD
(Physical Vapor Deposition)
fiziksel buhar biriktirme yon-
temi veya APS (Arc Plasma
Puskirtme), plazma sprey
yontemleriyle gerceklestir-
ilmektedir. Birinci yontemde
kaplama malzemesinden
yapilmis silindrik bir kiilce bir
elektron demetiyle
bubharlastirilmakta ve parca
ylzeyine temas eden buhar-
lasmis kaplama malzemesi
yogusarak homojen bir sekilde
yuzeyi kaplamaktadir. Bu yon-
temin en onemli avantaji mini-
mal ylzeysel sekil
degisimlerini tolere edebilen
bir yapiya sahip olmasidir;
buna bagli olarak kaplama
ylizeyinin sifira yaklasan
elastik modiilii kaplamanin
ylksek ugus slrelerinde
yorulma direncinin
artmasinda rol oynamaktadir.
Bu tur kaplamalarin diger
avantajlari hem pirizli hem
de dizgiin ylizeylere miilkem-
mel 6lcude tutunma
kabiliyetine sahip olmasidir.
Ayni zamanda kaplanmis

Homogeneous coating of air-
craft turbine blades is carried
out by either PVD (Physical
Vapor Deposition) or APS (Arc
Plasma Spraying) methods. In
the first method, a cylindrical
mass made of the coating
material is vaporized using an
electron beam and the vapor-
ized coating material coming
into contact with the surface of
the part is condensed covering
the surface in a homogeneous
manner. The most important
advantage of this method is that
It has a structure which can tol-
erate minimal surface form
changes. Also, the modulus of
elasticity of the coating surface,
which is close to zero, helps
Increasing the fatigue strength
of the coating in high flight
times. Other advantages of
these types of coatings are their
ability to adhered perfectly both
to rough and also smooth sur-
faces. At the same time, since
the coated surface is smooth,
there is no need for surface

ylzeyin diizgin olmasindan
dolayi ylizey islemlerine gerek
kalmaz ve buharlastirma yon-
temi, bicaklar Uzerindeki igne
basi biyuklugindeki delikleri
tikamaz.

APS yonteminde, kaplanacak
seramik malzeme akici bir toz
halinde olup plazma taban-
casina besleme yapilir. Cok
yuksek plazma sicakliklarinda
eriyen seramik tozu, yuksek
basing altinda tasiyici inert
gazlarla yiksek siiratle metal
ylizeyine ¢arpmasi sonucu
kaplama gerceklestirilir.
Kaplama morfolojisi hiicresel
bir yapiya sahip olup PVD
tekniginden oldukca farklidir:
kesit mikroyapisi lameller bir
gorintd verir, bosluk orani
daha fazla olup catlaklar da
gordlebilir. Bu yapiya bagli
olarak ikinci tiir kaplamalarin
daha iyi 1s1 yalitim ozellikleri
vardir. Buna karsilik
mukavemetleri PVD kapla-
malara gore daha dusulk olup,
kullanim omirleri daha
sinirlidir ve onarilabilme
sanslari da yoktur. APS yon-
temi farkli sekillerde gercek-
lestirilebilir, sicaklik,

processes and the vaporization
method does not clog pinhole
size holes on the blades.

In the APS method, the ceramic
material to be coated is in the
form of a fluid powder and it is
fed to a plasma gun. The
ceramic powder, which melts at
very high plasma temperatures,
hits the surface of the metal at
high speed with carrier inert
gases under pressure, allowing
coating to be achieved. The
coating morphology has a cel-
lular structure and it is quite
different from that of the PVD
technique. Cross-section
microstructure has a lameller
look; the ratio of voids is higher
and cracks may be observed.
Due to this structure, these
second type of coatings have
better heat insulation proper-
ties. Yet, their strengths are
lower than PVD coatings and
their lives are more limited with
no chance to be repaired. The
APS technigue may be achieved
in different ways. Temperature,
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puskirtme hizi ve farkli morfolojik ozellikler
Tablo 1 de 6zetlenmektedir”. APS yontemiyle
seramik, metal veya polimer malzemeler
kaplanabilir. Tablo 2 de endiistride en sik kul-
lanilan yttria takviyeli zirkonya Zr0O, (Y,0,) kapla-
manin bazi fiziksel ozellikleri

verilmektedir.

5. Ornek Deneysel Calisma

Bolimiimuzde, bir diesel motorunun silindir
gomlegi diizgiin bir bicimde SiC diskle kesilmis,
daha sonra kumlama islemine tabi tutulmus ve
bu sayede ylizey purizluligi arttiritmistir.
(Sekil 8 a,c). Elde edilen iki parcadan bir tanesi
Kobatek firmasinda %8 yttria ile takviye edilmis
zirkonya tozu kullanilarak direk olarak plasma
sprey yontemiyle kaplanmistir (Sekil 8 b). Diger
numune ylzeyinde, ayrica baglama tabakasi
olusturmak icin NiCrALlY (AMDRY 962] tozu
ilaveten kullanilmistir. Daha sonra parcalar,
kesme, zimparalama ve parlatma islemlerinden
gecirilmis, Jeol LV-5900 cihazi kullanilarak
mikroyapi gorintileri alinmis (Sekil 8 d,e,f) ve
Instron Universal Tester sertlik cihazi
kullanilarak sertlikleri 6lcilmistiir. Deney
sonuclari Sekil 8 ve Tablo 3'te verilmektedir.

4

spray speed and various morphological proper-
ties are summarized in Table 1°. Ceramic, metal
or polymer materials may be coated by the APS
method. Table 2 gives certain physical properties
of the yttria reinforced zirconia Zr0, (Y,0,) coating
which is most commonly used in the industry.

5. Model Test Study

In our department, the cylinder sleeve of a diesel
engine was cut smoothly using a SiC disc, then it
was sanded; thus increasing surface hardness

(Figure 8 a,c). One of the two pieces obtained was

coated directly by plasma spray technique using
zirconia powder reinforced with 8 % yttria in the
firm Kobatek (Figure 8 b). On the surface of the
other specimen, NiCrAlY (AMDRY 962) powder
was used additionally to create a further binding
layer. Subsequently, the pieces went under cut-
ting, emery and polishing processes and their
microstructure images were obtained using Jeol
LV-5900 device (Figure 8 d,e,f) and their hardness
was measured using Instron Universal Tester
hardness device. Test results are given in Figure
8 and Table 3.

6. Results and Discussion

Tablo 1: Farkli APS Yontemlerinin Basit bir Karsilastirmasi™
Table 1: A Simple Comparison of Various APS Methods10

Yontem
Method

Calisma sicakligi (°C)
Operating Temp. (°C)

Yanma
Combustion

Yiiksek hizli
oxy-yakit tabancasi
High speed oxy-fuel gun

ikili ark tabancasi
Dual arc gun

Plazma tabancasi

Plasma gun

Soguk spreyleme
Cold spraying

Oda sicakligl
Room temperature

3000 40-100

3000 400-800

3000-6000 50-150
5000-25000 80-300

Akis debisi (g/min)
Flow Rate (g/min)

Kaplama ozelligi
Coating Property

Bosluk ve oksitlenme
Voids and oxidization

Yogun, iyi tutunma ve
basma gerilmeleri
Dense, good adherence
and compressive stresses

Yogun ve kalin
Dense and thick

Gozenekli seramik
kaplama

Porous ceramic coating
400-800 Yogun, basma gerilmeleri
Dense, compressive
stresses




14BILIM.gxd

8/15/06 2:46 PM Page 125 :E

Tablo 2: Kaplama Malzemesi ve Baglama Tabakasinin baslica Fiziksel Ozellikleri"

Table 2: Main Physical Properties of Coating Material and Binding Layer"

Kaplama Malzemesi ve Ozelligi Degerler

Coating Material and Its Properties Values

TBC [ZrO, [Y,0,)]

Termal Genlesme Katsayisi, a(C”) x10°
Thermal Expansion Coefficient a(C”) x10°
Elastik Modiil, E (Gpa)
Modulus of Elasticity E (Gpa)
Baglama tabakasi
Termal Genlesme Katsayisi, a ([C”) x106
Thermal Expansion Coefficient, a (C) x106
Elastik Modiil, E (Gpa)
Modulus of Elasticity, E (Gpa) 200

Akma dayanimi (oda sicakligi) 5, (Mpa) 300-600
Yield Strength (room temperature) O, (Mpal 300-600

Sekil 8 Deneysel Calismalar/Figure 8 Test studies:

Sekil 8 a: Diesel Silindir Gomlegi Sekil 8 b: Plazma Sprey Yontemi
Figure 8 a: Diesel Cylinder Sleeve Figure 8 b: Plasma Spray Method

| i
- . iz uy
)

Sekil 8 d: Gri
Dokme Demir ve
Kaplama
Mikroyapisi

¥ Figure 8 d: Gray

i 1 Castlronand
 Coating

' Microstructure

Sekil 8 c. Silindir Gomleginden Kesilmis Ornekler
Figure 8 c. Specimens Cut out of Cylinder Sleeve

Sekil 8 e: Kaplama
Mikroyapisi
(arabaglayicisiz)

Figure 8 e: Coating
Microstructure
8 (with no binder)

Sekil 8 f: Kaplama
Mikroyapisi
(arabaglayicili)

Figure 8 f: Coating
i Microstructure
' (with binder]
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6.Sonuclar ve irdeleme

Sekil 8 a ve ¢, silindir gomlegini
ve Ust kismindan kesilen
parcalari gostermektedir.
Parcalar mengene kullanilarak
sabitlendikten sonra Sekil 8 b
de goruldugl gibi plazma sprey
yontemiyle kaplanmislardir.
Direk yttria takviyeli zirkonya
tozu ile kaplanmis numunenin
mikroyap! incelemesi sonucu,
silindir gomlegi malzemesinin
gri dokme demir oldugu gozlen-
mistir (Sekil 8 d.). Bu sekil
Uzerinde yukaridan baslamak
lzere, koyu tabaka numunenin
parlatma islemi sirasinda
sabitlenmesini saglayan recine,
orta acik renkli bolim zirkonya
(TBC) tabakasi, en alt tabaka ise
motor blogunun ana yapisini

Tablo 3: Kaplanmis ve Kaplanmamis Numunenin Sertlik Degerleri
Tablo 3: Hardness Values of Coated and Uncoated Specimen

Numune

Sample

Kaplama islemi oncesi 86.7

Before Coating Process

Kaplama islemi sonrasi 94 94.8
After Coating Process

Figures 8 a and ¢ show the
cylinder sleeve and the pieces
cut out of its top segment. After
being fixed using clamps, pieces
were coated using plasma
spray technigue as shown in
Figure 8 b. As a result of the
microstructural analysis of the
specimen coated by direct yttria
reinforced zirconia powder, it
was concluded that the cylinder
sleeve was made of gray cast
iron (Figure 8 d). On this Figure,
from top to bottom, the dark
layer is the resin used for fixa-
tion of the specimen during the
polishing process, the middle
light colored section is the zir-

teskil eden gri dokme demirdir.
Alt tabakada gozlenen siyah
seritler birikmis grafit kitleleri
olmaktadir, geriye kalan acik
renkli kisim yuksek karbon
icerikli demirdir. Gri grafit
lamellerinin yumusak dogasi
nedeniyle motorun titresimini
absorblayici 6zelligi vardir.
Sekil 8e ve Sekil 8f, direk kapla-
mali ve baglayici kullanarak
yapilan kaplamalarin
kalinliklarini vermektedir. Buna
gore kaplama kalinliklari Uni-
form bir dagilim gostermemek-
tedir; ve hem ara kaplama
yapilmis numunede ve hem de
direk kaplanmis numunede
yaklasik 100-120 mikron
degerleri olcilmdistir. Son
olarak Instron Universal Tester
cihaziyla yapilmis Gg farkl
noktadan alinmis sertlik dlgme

conia (TBC) layer and the lower
layer is gray cast iron constitut-
ing the body of the engine block.
The black strips observed here
are graphite mass deposits. The
remaining light colored section
shows high carbon steel. Gray
graphite lamels help absorption
of the vibration of the engine
due to their softness. Figure 8e
and Figure 8f give the thick-
nesses of the coatings applied
directly and by using binders.
Here, coating thicknesses do
not display a uniform distribu-
tion. Approximately 100-120
micron figures were read both
on the specimen with binder

degerleri Tablo 3 de
verilmektedir. Bu sonuclara
gore, kaplanmis numunelerin
sertlik degerleri dogal olarak
kaplanmamis numuneye gore
yaklasik 10 HRB (Rockwell B
sertlik degeri) daha fazladir.

Dustk 1s1 kayipli motor olarak
tanimladigimiz seramik kapli
motorlarin dizayni icin,
asagidaki ilkeler isiginda
hareket edilmesi, daha iyi
sonuclara ulasilmasini
saglayacaktir.

a) Uygun kaplama kalinliginin
tayini,

b) Yanma ytizeylerinin
kaplanmasi,

c) Guvenilirligin saglanmasi,

d) Tasarim karmasikliginin min-
imize edilmesi,

Standart
Sapma [+ -)
Standard
Deviation (+-)

Ortalama

Average

coating and also the specimen
which was coated directly.
Lastly, the hardness values
taken at three different points
by Instron Universal Tester are
given in Figure 3.

Acting in light of the principles
below in designing ceramic
coated engines we call low heat
loss engines will allow better
results to be achieved.

a) Determining the appropriate
coating thickness,

b) Coating of combustion
surfaces,

c) Ensuring reliability,

d) Minimization of design
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e) Uzun sire dayaniklilik,

f) Bagimsiz sogutma,

g) Yuksek alasim celiklerinden kacinmak,

h) Motor tasarim degisikliklerini minimize etmek,
i) Motor performansinin artirilmasi.

Bu ilkelerden sonra asagidaki gibi bir strateji
belirlenebilir’

a) Yanma yiizeylerini kaplamak,

b) Seramik kaplama kullanmak,

c) Yiiksek termal genlesme 6zelligine sahip
seramik kullanmak,

d) Seramik-metal uyumunu saglamak,

e) Kullanilan yapisal metallerin deformasyonunu
onlemek,

f) Kullanilan yanma odasinin deformasyonunu
onlemek ve kaplamayi korumak

Yukarida sayilan kriterler uygulandigi zaman
termal kaplamalarin baslica avantajlari

a. Malzeme sicakligini yaklasik 100-110 °C
azaltmasi,

b. Tepki/agirlik oraninda % 5 lik artis saglamasi,

c. Yakit tiketiminin %1 civarinda azalmasi,

d. % 1 lik verim artmasina tekabil eden
$53938/yillik tasarruf saglanmasi,

e. Daha iyi kalite de yakit emisyonu

f. Calisan metal aksamdaki sicaklik diismesine
bagli olarak sogutucu kompressoriin daha
klcuk boyutta olmasi veya disik kapasitede
calismasi,

g. Parca omrindeki artis

seklinde ongorilebilir.

Tesekkiir

confusion,
e} Long lasting strength,
f) Independent cooling,
g) Avoiding high allow steels,
h) Minimization of engine design revisions,
i) Increasing engine performance.

A strategy similar to the following may be
adopted based on these principles’:

a) Coating of combustion surfaces,

b) Using ceramic coating,

c) Using ceramic with high thermal expansion
property,

d) Ensuring ceramic-metal compatibility,

e) Prevention of deformation of used
structural metals,

f) Prevention of deformation of used combus-
tion chamber and protecting the coating.

Main advantages of thermal coatings when
the above listed criteria are applied

. Approximate decrease of 100-110 oC of
material temperature,

. Increase of 5 % on reaction/mass ratio,

. Decrease of about 1 % in fuel consumption,

. Annual savings of $53938, representing an
efficiency increase of 1 %,

. Better quality fuel emission,

. Cooling compressor is of smaller size or
runs at lower capacity due to the tempera-
ture drop in working metal components,

g. Increase in the life of parts.
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